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IL PrOJECT 6a:105-IB Technjcal ':mo No, 221

.eport on Specic', .eeting To Discuss NonIeatructLve Tests for
Filament Vdounld " ?lazisa motor Cases at AGc - Sacreinto on

24-25 Jauwry 1963

A special noweting of the Polariu/Minuteman/Peshiig N]D Ccaittee Va
hald at- AC-Sacrumnto on 24-23 Jamury 1963 to discuss techniques for inspec.
tioc of ftiberglaaz cambers. afortunately, only Polaris people took part,
but there wa an obnsrver frcm S.T.L. (M).

fbrold Berntain, in ht$ opening rMrks for a0, pointed out that our
situation is ach different now with fiberglass as cozxced to steel. With
stal we felt that w kow or merial, could specify maimum flav sise, and
bad reliable DT and other techuiques fdr qulity control. We could k~drotest
a steel case several tims at design preseure aMd use M mthods for detec-
tion of dmg durlw, ydrotaft, On the other hand a fiberglass case has
hydroteat ad no eirtabliskd, reliable UDT.

While we havw bad firing failures directly attributed to case damage
duriM *drotest, thu cceplete elimination of b edrotest is not deired, for
ac Wr. B ntmin o aptly said, t*Vir-i.aity is no proof of virtue".

we mood si.plmemtry tests. We need to increum ooversge (L00O% verae
if osibl) :dl to ruduce cost. (we, can get 100% covwvge by x-ray, but at
great cot)

We the Ived from J. A. Hadron of AGC about the status of the PCC A-3
PuLar-is Mate7 Plan for I(DT. Aocept-ro.ect criteria are fairly firm with
the ex" g on of x-ray on the Slasa-wrap. AOC appears to use or oonteL~late
imias about *-e-y N tacbmiqu kxn at this tim, Inalluadn candling for
voida In te Lwmlator. othe techniques mtloed were ulfaeonics, x-rMy,
orxan disherge zMicrlVe, bewt-beok soatter, spark test, stati-flux, ad
moisture deta-tor. Ultrwsnio and x-ray tchniqes are owawejtonal but
ae about ul]trasonic below. Spark test is used to detect tairou gh-L o1.

Ccrom disch~rge "~n microwavvs can detect void.. in inasultation and glass-
Dr-p, eta-e back scatter can be used to mau resIn content on the

finisae ase, but only to a limited depth, Canlng 1A also ued on the
ooqated chhcir. Two sgestioa vere made fr-m the table of tha tim
to use a Dariscope or a telescope system clled "Opo" (Sp?) to keep
perccrmel out of the chember as much as possible. Stati-flux is used to
det*ct cracki and craing on the completed cbe r. Perentage moistur ,level
in nonitared with an electronic moisture detector. ThIs latter test Is for
the pwpo" of epthering ifomation the effects of moisture on chamber
performanct as rquost1ed by ARL and M ,



in connection vith ultrosonlca, the AbVl Ifodification i-11 be uced to
autcmxtc1CU1y inspect and record the cylindrrica section for uoond and
doLsainations.

R. Stal-e and A. Grewi of AGC spoke on sonic analysis of bydwotest. They
foaund that there in a radial displaW t of the fiberglass at the edge of the
n zle port and this seems to occur at a pressure of 700-945 psi, This is
belie'd to be indicative of a stress relief vhich leads to knuckle failure or
a delamination vhich leads to the so Called flover bursts.

Accealartere are better for lsta2ter then microphones because 1) they
heve wider frequ,-, rane; 2) have less extrneous noise; 3) they are more
easily clibw'ted 4) bei.ng mllar t y give botter resolution.

As part of the prcm the masured sound velocity in iberglass. 7ts

was 6oa by tapping vith a beL at a knov distance from the accelerter and
rcwring delaq t m on a tape recordar runing at 60 ips. By plyi back at
0.6 ips the ta and received sizaal could be separated and the tim measured.
Thq record 190 X in/sec in ts DI of the fi~brglaas in the direction of
wrep. This is of course at sonic frequencies.

M has masurd the velocity at 1.0 Hc to be 192 K i/aec in the axial
direrCtio (ParsUUll tO axiS Of MetOr case) and 1M7 X in/s"c in the circuinfer-
ential direction.. The outer circuferential winding ccqrises almost hl
the thick'n *a. A valocity of 205 K in/sec van mesoured in this Laer. !Through.-
the-thickmess ve~citq7 wa 11IC K Wsec. The muzpla vas cut from an AbC A-3
first *Ugo~.

Mr. D. T. 0' Conzw described wxweinaits beal. rnat *Wmgnflux Corp.
mx t. use of Coru, disabrge., Data-ray back scatter, and microwave t nciques
fcr Inspecting mor cases. Beta back scatte bas limited p metration, but
aoxul- be used for reUin att to the extent It pemntratee. An such it docu
not appar feaslel for metor cas. inspection. Corwnz discharge is Inition
In a Sawaous void in a solid caused by a strong slectri field. This ioniza-
Utc cM be detected by the rdUation it produces or by the pulse that occurs
In the high voltage trens 'wo. It can datect volds 1/16" in diameter in the
ibwr.%1a-r~sIn matz1. A distinct yparatIon crthe WalI of the void Is

not nzres-y. Acrowaves are umo by setting u anding avea an nmwzring
the effect on thm of different properties of the mtu'ials in the field. A
void has a different propagation factor, hence different vaY*elzgth frm the
parent astariAl. Chags in standing wave pattern are indicated on suitablo
detecting inatramt.. It ms sta that, as compared to ultrasonics wbich
eas detect only uubonds and daeMainations, microwaves can detect foreip
inclusica and tiny bubbles. T microave systwi requires a millc reflcc-
tor an the other Ids of the nwtr case wall. Scan 'M for cylindrical section
for both icrmve end corona discharge were etimted at 4 hours.
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Mr. 3). C. Erdmn describei his developmento in the field of fruency-
,adulated pulsed ultranoaiCSo -He pointed out that the inhoogeneous nature

of tle fiberglass caluwne sverit ocattering at conventional ultrasonic frequen-

ceis. Lover froquencies are tanZwmatted better 1ut pulses got so long that
the trannztted pulse in stl2L. going out wmen echoes we returning. To get
arouad this &dman uses a pulse tha$ is linearly modulated in frequency (100 kc -

300 kc). Thus the echo that comes back vill not be at the same frequenc7 as the
portion of the +rasatted p5e thit is stll going out. Presently resolut+ioa
belaov mftc ic only 1/4 to 3/8 of an inch, but a ditferentatar as in the
"7rrcope" should izerovo this. With this technique it my be possible to
inspect the utole eso for bomis xz d delaminaton. The lou frequency vorks
aaiast finding wi l defects such s bubbl.ea

w. P. E. uaderhll of IGN described a Tv readout x-ray scan aystem (P=X)
which uses a bunale of fine plastic ;.Aianta with scintiltara dispersed in
the plastic. Tbis gives a directiorAlIV Vhich enhances the scintillator out-
put which in turm in converted to P7 readout vith an iusno orthicon. This
gy5t1t lookE promising as a scannIi g system. NOL has indicated that tbe vilU
he out in the developnt of th:. systan.

john Hendro returned to ay . few ords about tap testa. The inspector
hag to be able to distinguish pitc a5 cps apart. Correlation was about 80%
with Betatron where ooapriooa ww mad. Top tests don't detect a deep delml-
nation under a -aillov oce. When isked about evaluation r. 3endron saAd that
to motcr case that shovd most doe anatIon went to highest pressure in the
burst tert.

Hr. A. D. Lucian of AJC des, Lbed the start of a propru of anaysAins XT
data. T first ctep is to elAssi!y defects. Voids are recorded ans to axe.,
crcka as to length, Gelaminations as to area, etc. and these are given weights
of I to 5 depending on tair seve.*r . Correlation vith petox~ce is not yeet
&walubia, Asked vhat areas are vt est with ressrd to Sathering informticoa,
mr. Lucini replied that the knucki, area is irst.

)R. R. J. Downey "iefly described OPT at ABL. X-ray is used to detect
resin poekets dallminntions (U". range 1/4" to 2" long and to 1/3' wide),
and voids (via h are re). Be saud no ABL motor failure haz been omerlated
with-,km v fiberglso defects. HoIsr readings um being takan as at AOC.
3o currelatIon bus been foud vith performane as yet. So exPeriamts have
been tried with neoitron radlograpb,. These exe interewting but the question
a-osa an to vuere we gat neutrona. ABL also uses Static flux, High contrast
raa.o~i-ph,, soaoM with low tre.ccy adaptor and have corona discharge
asilable,

xr. 7. E. Aizofon of UMC prer,2nted his infrared experimnts. Incteatioana
aro obtaiaed from resin inclusions, cane-inar unbond. and war, thickn s.
AbjLjii to seca thQ ends of the 'acor case depeads on whethcr tho Whole inner
aurrfue can be heated



!.fo J. A. Cuaick of NAD-Concord described experairnents using mchanical
impedance measurements to detect motor case defects. .Wchanical impedance,
the ratio of force to vlocity, can be measured with suitable equipment. It
my be possible to use instead the ratio and/or phane angle of force to accelerm-
tion. Oscilloprams yere presented shoving that force and acceleration behave
in opposite 'ense over a separation and over sound material. It was pointed out
that the system could detect delaminations under delamiations. There is a
possibility that the force generator could be applied axially at the skirt end
and velocity, acceleration, 0r displacemeat readings taken radially along the
cqlinder section or at the other and of the cao. It vould also be possible
to apply a force radially by mans of an eccentric located in a central boss
at either dame. If mechanical 'mzedane vorks out it should be a quick and
relativey inex maeve mto for motor case =nn'ng.

W. S. D. Hart of NRL described a novel approach to ultrazaac inspection.
The bain child of W. J. Fry of the Universito of Illinois, the system uses
high power focusd ultra sound to came local heating in a mall *pace T
heating will cause akanges ini velocity wbich will produo. an impdance differ-
once where before there wa non. If the material in the aull spot being
L-radiated bas a absorption coefcient different fron its our rmd s It
will be bested diffaruxtLy and will display a different acoustic inpedanca,
hwc there will be a reflection coefficient at the boundary. Tus areas which
before had the sam acoustic impndawo. D- are differe end can be detected.
Detection is accospliea by sending out convmntional ultrasound pulses nar
the and or after the hesting pulse. Fry has *oe of the eq,,pnet built axid
wha funds are allotted will start constructing th necessary high power t-en -
ducar. Povers in the order of any kilowtta per sare cntmtr mW be
neded.

J. A. KIes of WL presented, at the request of SPO a isAt of defect.
wbdch have been known to cwase or are beieved to have caused failure in fiber-
glass moto cases. 7iis was an "of! the top of ts hed" list, but any errors
are probably errz=s of oission.

1. Debcmd between aft adapter plate and VT insulainc .
2. -- Poor dolly geometry.
3. 3o overlap in dolies in front end.
! Ci-acks In anap-ring channel in art adapter plate.

5. Debod bete fibergas and art adapter plate.
6. Acoidantal muchine tool cuts.

- Kots in roving.
Miled (folded) doilies.

9. Too little &leaa in spiral vound doilies.
10. Relaxed rovings.
11. Por in laminAr sth" strength or poor adhsion (doilies improperly

B-staged or resins inccapatible).
12. Prepreg roving cure too far advanced at time of winding.
13. Cracks in EF87 Insulation.

0I



Of these, only four are considered serious in terias o±' need for detection
-in the fiberglas. These are cuts, delmnnations, resin rich areas and, not
ani the list , bruuse or Impct damage. Such tbiW so i £ ?eze 7, 9., 11., 12
are amidared to be process control mtt~gro

Dlr. Bujes, of ILAD-Ccorcd zede sc cats on the lim~itations and ulti-
sto saesitvitwy of rdopepkw. He Wwwad slides of x-rayrs in vlzicb he pointed

out inhdividual rovizags in a fiberglass ease.

Bie presented sone data on lov voltage absorption chracteristicsw and md-
oated an optima voltae Air rasonable expoue tim In the rwiee 25-35 XV.

Be also pointed out the adventages of using a continuu fila tchnique
in tam of mast and tim. Prob3.m of synabroniaing motor and film motion
mght be avoided by a stepping process instad of cotimaoua motion.

IL Zesorites of XI bad a few vwrds to .ew nbout the use of the ooattiz-
ous ama Wan he.a been uwking with. Hie pointed out that', being basialy
a Voiuns sensitive (vowds only) quatea It wuld hae. only lindtad sqiasobiit
to the Waoc OWN.

D. Pol.awky7 of VOL rzwwted an scm ousdaerat'in of fast neutron redio-
whb~ ich shve that foet nmruvn red' grapkW is not fasible.

liW suggested the use of a loa boro-si-licate glass snd in ech roving
or In a suitable insaba of ravings. Thee are easily detected In x-rays and
wou1o showv irrogultiee In winding.

8%e also,, @u~pted the us of oontinuous fMA IA r*dAiagrmp&r.

Ut amd Rcanatom

Ow' reuran ie for a quicok *aen tolmiqis that mo aover the whole motor
iacludzi insWAtor. DeIfeat Indications caa be identiftedi by smyplmetai tesa.
The owe abxulA be able to see debns and laedmnatleme throu~bot the izisiua-
tior and am".. FacpaLlant-ilner or propellant - insulation deboads we not ounai-
6wed part ot the mor amse Inepeatlica, but ar syste that can detect these as
vall a motor ase detects viii gain points,

It is neommer to set up defect, test standards. ft"~ vWi be done by N
vith ft belp of I= an VCed mbody else wh can @LA wil assist.

MI will pick am satm for &can (with possibly wne for bscw ). Decision
viLU be made after the XWCodttee Meeting in April. Tbre points a-* mi-
tined as basis for decision: 1) AbIlItV to detect f~ses; 2) State of Develop-

Th agenda and a list, of attendes follow..
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